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The aim of this study was to identify noise exposure indicators during day and night
 
in the city of Skopje and 
to see if there is an association between these noise exposure indicators and annoyance. We have performed 
noise measurements and interviewed 510 adult subjects, using a questionnaire, prepared according to the 
ISO/TS-15666 standard. Average noise level over the day (L
day
) was (62±6.45) dB(A) and over night 
(L
night
) (56±6.52) dB(A). Thirteen percent of subjects reported a high level, and 33.5 % moderate level 
of annoyance. The most annoying noise sources were construction activities (34 % of the subjects), road 
traffi c (24 %), and leisure/entertainment activities (18 %). We found a signifi cant association between 
exposure to L
day
 in the range 61 dB(A) to 65 dB(A) and annoyance in the exposed population (chi-square 
= 86.14; p<0.001; Spearman’s R=0.45; p<0.05). During the night time annoyance was reported with 
exposure to L
night
 above 46 dB(A). Levels of annoyance in Macedonia are similar to levels in developed 
European countries. Differences are in the source of noise. This study has shown that environmental noise 
is a signifi cant hazard in urban environments, and assessment of annoyance may prove a useful tool for 
town planners and public health policy makers.
KEY WORDS: construction, daytime noise, exposure assessment, night time noise, public health, road 
traffi c, town planning
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About 40 % of population in the European Union 
is exposed to road traffic noise levels exceeding 
55 dB(A) during daytime, and 20 % are exposed 
to levels exceeding 65 dB(A). At night more than 
30 % are exposed to an equivalent level exceeding 
55 dB(A). Community noise is a growing hazard 
in developed and developing countries and is 
accompanied by an increasing number of complaints 
from the exposed people (1). Stress can be seen as 
an effect of or as a coping (fi ght/fl ight) reaction of 
the body, that is, a physiological refl ex to noise (2). 
There are several modes of this reaction, based on 
the general stress concept. Community noise causes 
considerable disturbance and annoyance in exposed 
population. Beside psychosocial effects of community 
noise, there is concern about the impact of noise on 
public health, particularly regarding cardiovascular 
outcomes (3).
One of the models for noise and health (Dutch Health 
Council) assumes that health effects are determined by 
a combination of endogenous and exogenous factors 
such as physical and social environment and lifestyle. 
Noise exposure is only one of these exogenous 
factors. This process may be modifi ed by personal 
characteristics such as attitude and coping strategies. 
According to this model, noise exposure can induce 
biochemical, physiological or psychosocial changes 
such as annoyance, sleep disturbance, performance, 
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concentration. Annoyance and vegetative responses 
lead to somatic and psychosomatic responses such as 
blood dynamics, hormone and lipoprotein levels, and 
cardiovascular and psychiatric disorders (2).
The effects of community noise can be evaluated 
by assessing the extent of annoyance in exposed 
population. Annoyance is defi ned as a feeling of 
displeasure associated with an agent or condition, 
known or believed by an individual or a group to 
adversely affect them. Many studies have shown that 
equal levels of traffi c and industrial noise results in 
different magnitudes of annoyance (4). According to 
the curves synthesised by Schultz and Miedema (1, 4) 
the percentage of people highly or moderately annoyed 
was related to the day and night continuous equivalent 
sound level (L
dn
). High annoyance in a population 
started at the L
dn
 of 42 dB(A) and moderate annoyance 
at 37 dB(A). Annoyance in population exposed to 
environmental noise varied not only with the acoustical 
characteristics of the noise, but also with many non-
acoustical factors such as social, psychological, or 
economic background, or the conviction that noise 
could be reduced (1, 4, 5). The correlation between 
noise exposure and general annoyance is much higher 
at the group level than at individual level. Data from 
42 surveys have shown that about 70 % of the variety 
of annoyance at the group level is explained by noise 
exposure characteristics (5).
Skopje, the capital of Macedonia, has become a 
typical urban centre, and a referent example for urban 
noise pollution. Measurements of environmental noise 
in Skopje have shown that the noise level in the main 
streets varies between 72 dB(A) and 78 dB(A), and 
that noise level depends on traffi c fl ow and town 
planning (7, 8).
The aim of this study was to identify noise 







in the city of Skopje, and 
to determine the relationship between noise exposure 
indicators and annoyance in exposed population.
METHODS
Sample
Study subjects were randomly selected from 
population living in different locations of Skopje: in 
the city centre, in nearby streets with heavy traffi c 
(Madžari), in mixed residential / administrative / 
market areas (Aerodrom, Čair), and in a suburban 
area where we expected low noise levels (Gjorče 
Petrov). The subjects were randomised as follows: 
fi rst we selected buildings, then every third fl at in the 
building, and fi nally one member of family who agreed 
to participate. Inclusion criteria were age between 
18 and 65 years and at least one year of residence at 
the current address. Seven hundred residents were 
contacted to be interviewed for assessment of noise 
annoyance, and 510 responded. The questionnaire was 
developed according to the ISO/TS-15666 (8) using 
a fi ve-item verbal scale and a eleven point numerical 
scale. The subjects answered questions related to the 
extent of annoyance with different noise sources over 
the last 12 months when being at home. The fi ve-item 
verbal scale used the verbs “not annoyed, very little 
annoyed, moderately annoyed, highly annoyed, and 
very highly annoyed”. Answers “highly annoyed” 
and “very highly annoyed” were treated as high level 
of annoyance, and answers “not annoyed” and “very 
little annoyed” as not annoyed. On the numerical scale, 
0 was equivalent to “not annoyed at all” and 10 was 
equivalent to “extremely annoyed”. Values from 0 to 
4 meant not annoyed, 5 to 7 moderately annoyed, and 






 as noise exposure 
indicators for urban population. L
day
 presents long-
term exposure to average equivalent energy noise 
level during the day from 07:00 h to 23:00 h. L
night
 
presents long-term exposure to average equivalent 
energy noise level during the night from 23:00 h to 
07:00 h. Measurement points were located in the city 
centre, which is a residential/administrative/market 
area with intense traffi c and various activities, and 
in entirely residential suburbia with the aim to cover 
different noise levels. Community noise was measured 
with a Brüel & Kjaer 2260 Investigator type sound 
analyser for one week in the spring and one week in 
the autumn of 2006. Measurements were taken at 15 
minute intervals for the day time (07:00 h to 23:00 h, 
L
day
) and two measurements were taken for the night 




We used Statistica version 7.1 and SPSS version 
13.0 to determine the mean, standard deviation, and 
95.0 % confi dence intervals for numeric data series. 
We used the chi-square test to test the association 
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between parameters and Spearman’s rank order 
correlations to see if there was a correlation between 
exposure indicators and annoyance (10).
RESULTS
The total number of subjects was 510, 243 
(47.65 %) were men and 267 (52.35 %) women. Their 
mean age was (37.34±14.38) years.
After determination of noise exposure indicators 
(Table 1), we divided the subjects in four groups 
according to the L
day
 value and residence. Most 
subjects, 160 (31.4 %) of them, were exposed to 
L
day
 >65 dB(A), 126 (24.7 %) were exposed to L
day
 
in the range between 61 dB(A) and 65 dB(A), 151 
(29.6 %) to noise from 56 dB(A) to 60 dB(A), and 
73 (14.3 %) to noise level below 55 dB(A), which is 
the WHO annoyance cut-off point for daytime noise 
(1) (Table 2). According to the value of L
night
, the 
subjects were also divided in four groups, only 18 
(3.5 %) subjects were exposed to L
night
 <45 dB(A) 
which is the WHO annoyance cut-off point for night 
time noise (1); 115 (22.5 %) were exposed to L
night
 
in the range of 46 dB(A) to 50 dB(A), 146 (28 %) to 
between 51 dB(A) and 55 dB(A), and 231 (45 %) to 
≥56 dB(A) (Table 2).






Mean±SD 95 % CI 
L
day 
/ dB (A) 62.43±6.45 61.87 to 62.99
L
night 
/ dB (A) 55.57±6.52 55.01 to 56.14
SD – standard deviation; CI – confi dence interval
Analysis of annoyance in the total sample, 
measured on the scale from 0 to 10, showed that 13 % 
of the subjects were highly annoyed with noise, 33.5 % 
moderately and 53 % not at all. This means that nearly 
a half of all subjects were annoyed with noise.
According to the fi ve-item verbal scale and to 
noise source, the most annoying was the noise from 
construction activities (34 % of the subjects), followed 
by highly annoying road traffi c noise (24 % of the 
subjects), leisure activities (various entertainment 
activities in public places) (18 %), and fi nally by noise 
from restaurants and cafeterias (17 %). Neighbourhood 
noise was the reason for high annoyance in 14 % of 
the subjects. Railway and aircraft traffi c noise seem 
not to annoy the subjects at all (Figure 1).
We tested the association and correlations between 
exposure to different noise levels and annoyance in the 
subject population. We found a signifi cant association 
between exposure to L
day
 in the range of 61dB(A) to 
65 dB(A) and annoyance (chi-square 86.14; p<0.001). 
The correlation between L
day 
and annoyance was 
positive to moderately strong and signifi cant for levels 
≤55 dB(A) and 61 dB(A) to 65 dB(A). This suggests 
that annoyance increases with the increasing trend of 
daytime noise (Figures 2 and 3). We also found that 
association between L
night
 and annoyance started at 
levels above 46 dB(A) (Table 2). 
DISCUSSION AND CONCLUSION
With the mean L
day
 of 62 dB(A), the population 
of Skopje seems to be exposed to day time noise 
level above the national limit of 55 dB(A) and the 





Noise exposure Number  of 
subjects (%)
Spearman rank order 
correlations




≤55 73 (14.3) 52.89 0.083 0.24 <0.05
56 to 60 151 (29.6) 27.56 0.932 0.05 >0.05
61 to 65 126 (24.7) 86.14 <0.001 0.45 <0.05




≤45 18 (3.5) 8.55 0.128 -0.031 >0.05
46 to 50 115 (22.5) 58.85 0.028 -0.132 >0.05
51 to 55 146 (28.6) 84.84 <0.001 -0.125 >0.05
≥56 231 (45) 169.72 0.002 0.04 >0.05
Bold denotes statistical signifi cance.
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WHO recommendation for prevention of annoyance. 
This is also true for the night time noise, which is 
11 dB(A) above the national standard for prevention 
of annoyance and sleep disturbances. We decided to 
use weighted daytime and night time noise as separate 
exposure indicators ,  believing that they may be more 
appropriate for assessing physiological responses 
to noise. In urban settings, common daytime noise 
levels range between 45 dB(A) and 75 dB(A), and 
night time average noise levels for road traffi c are 
7 dB(A) to 10 dB(A) lower than daytime average, 
which is relatively independent of street traffi c volume 
(1). L
den
 is an integrated noise exposure indicator 
for day time, evening, and night time, which can be 
weighted or calculated, and has been recommended 
for use by the EU legislation for environmental noise 
(11). Penalties of 5 dB(A) and 10 dB(A) are usually 
given for evening and night time, respectively. In this 
context, L
den
 appears to be a useful noise indicator for 
decision-making and regulatory purposes; it can be 
used for noise mapping, and refers normally to the 
most exposed facade, which incorporates a certain 
degree of exposure misclassifi cation regarding cause-
effect relationships.
In a review of epidemiological studies of noise 
effects, Babish (12) relied on daytime (L
day
, 6:00 h to 
22:00 h) outdoor average A-weighted sound pressure 
level, which was used in most studies and is more 
adequate for health-related noise research.
Annoyance analysis has shown that 47 % of 
the subjects were annoyed with noise to a different 
degree. This level of annoyance is very similar to other 
countries, but what makes our study different is the 
rating of noise sources in terms of annoyance. It turns 
out that the most annoying source are construction 
activities, even in suburban areas with low noise 
level [L
day 
≤55 dB(A)], where we found positive 
and signifi cant correlation between noise level and 
annoyance (R=0.24, p<0.05).
According to results form the WHO Large Analysis 
and Review of European Housing and Health Status 
(LARES) project (6) conducted in eight European 
countries, the most annoying source of noise was 
traffi c, which 14 % of subjects found highly and 
38 % moderately annoying. Neighbourhood was the 
second most annoying source of noise, causing high 
and moderate level of annoyance in 12 % and 35 % 
of subjects, respectively.
This argues in favour of fi eld investigation as the 
most appropriate to assess annoyance with noise. 
Case-by-case research is the most appropriate way 
to identify noise sources in a specifi c environment 
and non-acoustic factors in community response to 
noise.
According to dose-response curves bringing 
together different types of traffi c noise and the most 
annoying is aircraft noise, then road traffi c noise, 
and fi nally railway noise. Studies have shown that 
equal traffi c noise levels cause different annoyance 
because of the influence of non-acoustic factors 
(4, 5). The most important non-acoustic factor is 
individual noise sensitivity, demographic (age, 
Figure 1 Level of annoyance with noise by sources
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gender), lifestyle, residence time, previous noise 
experience. Therefore we need to further investigate 
annoyance with noise to identify additional factors 
affecting community response to noise. Self-reported 
annoyance or subjective evaluation of noise response 
has a much bigger infl uence on health than objective 
noise exposure (12). Schulte, von Eiff, Neus, Ruddle 
(13) have published evidence that hypertension is 
in correlation with subjective evaluation of noise 
Figure 3 Signifi cant correlation between L
day
 in the range of 61 dB(A) to 65 dB(A) and annoyance
Figure 2 Signifi cant correlation between L
day
 ≤55 dB(A) and annoyance
sensitivity and noise annoyance in noisy and quiet 
areas. They have found that noise annoyance is in 
correlation with antihypertensive treatment in areas 
with moderate exposure to noise, but they didn’t 
fi nd this correlation in areas seriously burdened with 
traffi c noise.
Subjects with manifest health problems may be 
more likely to give exaggerated answers about their 
annoyance by traffi c noise in the interview, although 
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L
day
 ≤ 55 dB(A) / annoyance
R = 0.24 (p < 0.05)
L
day
 = (61 to 65) dB(A) / annoyance
R = 0.45 (p < 0.05)
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they were not being stressed by the noise. They may 
tend to blame their environment for their health status, 
hoping that the results of a study might infl uence 
future noise policy. Subjects who believe that noise 
contributes to their health problem may be more 
dissatisfi ed and annoyed with noise (14-17).
In this study, we did not use L
den
 as an integrated 
noise exposure indicator because our primary goal 
was to make a clear distinction between day and night 
time noise exposure and to explore their association 
with annoyance. However, we will use L
den
 in future 
research to establish the dose-response curve.
This is the fi rst national study assessing noise-
induced annoyance in adult population, and it has 
shown that we have to address environmental noise 
as a significant hazard in urban environments of 
Macedonia, paying particular attention to the most 
annoying sources such as construction industry 
and road traffi c. To prevent adverse health effects, 
measures to abate night time noise have to be 
introduced. We also need to continue investigating 
specifi c noisy environments. Methods used in this 
study have proved to be useful tools in assessing 
noise-induced annoyance.
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Sažetak
UTJECAJ BUKE U OKOLIŠU NA UZRUJANOST ODRASLIH STANOVNIKA SKOPJA: PRESJEČNO 
ISTRAŽIVANJE
Cilj ovog ispitivanja bio je utvrditi dnevne i noćne razine buke u Skopju te njihovu povezanost s osjećajem 
uzrujanosti u izloženoj populaciji. Provedena su mjerenja buke te razgovori s 510 odraslih ispitanika s 
pomoću upitnika sastavljenog prema normi ISO/TS-15666. Prosječna dnevna razina buke iznosila je 
(62±6,45) dB(A), a noćna (56±6,52) dB(A). Trinaest posto ispitanika iskazalo je izrazitu, a 33,5 % umjerenu 
uzrujanost. Ispitanicima je najviše smetala buka s gradilišta (34 %), prometna buka (24 %) te buka proizišla 
iz aktivnosti u slobodnome vremenu (18 %). Utvrdili smo statistički značajnu povezanost između dnevne 
izloženosti buci u rasponu od 61 dB(A) do 65 dB(A) i uzrujanosti (hi-kvadrat=86,14; p<0,001) te statistički 
značajnu korelaciju (R=0,45; p<0,05). Povezanost između izloženosti noćnoj buci i uzrujanosti utvrđena 
je već pri 46 dB(A), a napose pri >56 dB(A), uz značajnu korelaciju (R=0,04; p<0,05). 
Razine uzrujanosti stanovnika Skopja zbog buke slične su onima u razvijenim europskim zemljama. Postoje 
međutim razlike u izvorima buke, koji su u našem ispitivanju ponajviše građevinske djelatnosti, cestovni 
promet te buka proizišla iz aktivnosti u slobodno vrijeme. Istraživanje je pokazalo da je procjena uzrujanosti 
stanovništva vrijedan podatak koji može poslužiti kod izrade urbanističkih planova i javnozdravstvene 
politike.
KLJUČNE RIJEČI: dnevna buka, izvori buke, javno zdravstvo, noćna buka, odraslo stanovništvo
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